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Abstract: The output power generated by the solar 
photovoltaic panel is directly proportional to the 
amount of solar energy it receives. Therefore, for 
maximum efficiency, a solar photovoltaic panel 
must be perpendicular to the sun. As a result of this, 
a tracking device is required to ensure that solar 
panels are always directly perpendicular to the 
direct component of the sun. Such a tracking device 
is referred to as a sun seeker. This research work 
describes the development of a single-axis sun 
seeker using three sensors. Light-dependent 
resistors are used as sensors. The light intensity 
received by two of the sensors is compared by two 
comparators and an appropriate signal is sent to 
the driving mechanism which moves the solar panel 
tray until the right and left sensors receive an equal 
amount of light intensity. The middle sensor was 
designed to activate the speed control unit of the 
system when it senses the required light intensity. 
The whole system runs on a 12V rechargeable 
battery. A battery charger circuit with automatic 
cut-off was incorporated to the design to keep the 
battery topped-up and to prevent overcharging.  
 
Keywords: solar photovoltaic cell; sun seeker; single-
axis; sensors; comparators. 
 
I. INTRODUCTION 
 
The utilization of renewable energy sources is the solution 
to the present global energy crisis, most especially in 
Nigeria [1, 2]. Solar energy is one of the primary sources of 
clean, abundant and inexhaustible energy that not only 
provides alternative energy resources, but also causes no 
environmental pollution. The most immediate and 
technologically attractive use of solar energy is through 
photovoltaic conversion. Photovoltaic (PV) cell converts 
energy from the sunlight into direct current (dc) voltage by 
photovoltaic effect [3].  A sun seeker, also called solar 
tracker, is a device for orienting a solar photovoltaic panel, 
day lighting reflector or concentrating solar reflector or lens 
toward the sun [4]. Solar photovoltaic panel, or simply solar 
panel, is a packaged assembly of connected photovoltaic 
cells. Solar panels collect maximum energy only when its 
position is normal to the sun, but the sunlight direction 
continually changes as a result of change in time and season. 
Presently, in most solar installations, solar panels are fixed 
and do not turn to follow the sun. The output power of a 
solar cell varies with irradiation level and the cell 
temperature. For a given irradiation level and cell 
temperature, maximum power is produced by the 
photovoltaic cell at a particular operating point, known as 
Maximum Power Point (MPP). This MPP varies with 
irradiance and temperature [5]. Hence, Maximum Power 
Point Tracking (MPPT) techniques are used for extracting 
maximum power from a stationary array of solar panels 
[5,6]. Various techniques of MPPT and their means of 
circuit realization are stated in ref. [5]. MPPT maximizes the 
output power from solar panel by keeping the solar panel’s 
operation on the knee point of P-V characteristics [6]. Fig. 1 
shows a typical I-V and P-V characteristics of a solar cell 
[7].  
 
 
Fig. 1: P-V characteristics of photovoltaic cell 
 
In order to ensure that the solar panels maintains the best 
angle of exposure to sunlight for energy collection, a 
tracking mechanism  is required to keep the panels 
perpendicular to the sun at all time. Compared to a fixed 
panel, a mobile solar panel driven by a sun seeker can boost 
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the energy output of the solar panel by 30% to 60% [8]. This 
implies that the number of solar panels required for solar 
installations of a particular capacity is less when a tracking 
system is incorporated. The cost of a sun seeker is less 
compare to the cost of additional solar photovoltaic panels 
[9]. 
 
II. REVIEW OF LITERATURE 
 
Solar technology began with the discovery of photovoltaic 
power by a French scientist Antoine Becquerel in 1839 [10]. 
According to Encyclopedia Britannica, the first genuine 
solar panel was built around 1883 by Charles Frits [11]. 
According to ref. [10], the first silicon solar cell was 
produced in mass in 1954 in bell laboratory. The first solar 
tracker introduced by Finster in 1962 was completely 
mechanical. One year later, Saavedra presented a 
mechanism with an automatic electronic control, which was 
used to orient an Eppley Pyrheliometer [11]. In 1975, one of 
the earliest automatic solar tracking systems was presented 
by McFee, in which the algorithm was developed to 
compute total received power and flux density distribution 
in a central receiver solar power system. Several years later, 
Semma and Imamru used a simple microprocessor to 
adaptively adjust the position of the solar collectors in a PV 
concentrator such that they pointed toward the sun at all-
time [12].  
In recent years, several researches related to solar tracking 
systems have been carried by different researchers [7] [13-
16]. However, in the existing research works, most of them 
used two sensors without a dedicated control unit to actuate 
the movement of the motor. In this work, three sensors were 
used. Two of the sensors control the movement of the 
tracker’s tray, while the third sensor controls a special unit 
that actuates the motor using pulse width modulation 
scheme. 
III. MATERIALS AND METHODOLOGY 
 
The materials used in designing this system include: Light 
Dependent Resistors, LDRs (used as sensors), 555 timer, 
comparators, transistors, resistors, diodes, relays, 12V 
battery and 12V DC motor. The block diagram of the sun-
seeking system is shown in fig. 2 below. The sun seeker is 
divided into four major units namely: comparator unit, 
speed control unit, driver unit and battery charger unit. Each 
unit is described below with the aid of its circuit diagram. 
 
A. Comparator Unit 
 
As shown in figure 3, the heart of the above comparator 
circuit is formed by two comparators. LM358 Dual Op-Amp 
is used as a comparator. Here, each LDR is connected with a 
series resistor (R1 and R2), when the intensity of light 
falling on the LDR increases, the voltage across the 
corresponding resistor increases. The output of the voltage 
comparator will be high when the voltage at the non-
inverting terminal is higher than the voltage at the inverting 
terminal. The inverting terminal of each comparator is 
connected to a variable resistor (VR1 and VR2 respectively), 
which is used to set the reference voltage. Thus, the 
sensitivity of both LDRs can be adjusted by varying the 
10kΩ pot. The different combinations of these HIGH and 
LOW outputs of both comparators determine the direction 
of rotation of the motor or its non-rotation.  However, the 
current sourcing of the output of LM358 used in the 
comparator circuit not enough to drive a motor. For this 
reason, a driving circuit was incorporated. 
 
 
Fig. 2: Block diagram of a sun seeker      
 
 
Fig. 3: Circuit Diagram of the Comparator Unit 
 
B. Driver Circuit Unit 
 
The circuit diagram of the driver unit is shown in fig. 4. The 
direction of motor rotation is controlled by two 12V relays, 
each connected to the output of the comparators via the 
collectors of transistors Q1 and Q2 with both transistors 
acting as switches. When the output of comparator U1 is 
high and the output of the comparator U2 is low, transistor 
Q1 switches ON and allows current to flow into the first 
    436 
 
 
IJRE | Vol. 5 No. 6 | June 2018 | A. I. AYODELE 
relay, thereby switching ON the relay and the resulting 
current rotates the motor in clockwise direction. However, 
when the output of comparator  
  
 
Fig. 4: Circuit Diagram of the Driver Circuit Unit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Complete circuit diagram 
 
U1 is low and the output of U2 is high, transistor Q2 is 
switched ON which in turn switches ON the second relay 
and the resultant current turns the motor in anticlockwise 
direction. The motor rotates only with HIGH-LOW 
combinations of both comparators. That is, the motor only 
moves when either of LDR1 or LDR2 receives more light 
intensity than the other, but the movement stops 
immediately when the two LDRs, which are fixed on the 
edge of the solar panel, gets to a position where they receive 
equal amount of light intensity, that is, when the sun’s ray 
are perpendicular to the solar panel. 
 
C. Motor Speed Control Unit 
 
As shown in fig. 5, 555 timer IC wired as an astable 
multivibrator forms the heart of this unit.  
 
 
Fig. 5: Circuit Diagram of the Motor Speed Control Unit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The output of the astable multivibrator is fed to two parallel 
NPN transistors Q1 and Q2 which act as switch to the signal 
going to the base of the relay-switching transistors Q3 and 
Q4. This unit is included in the design in order to pulsate the 
movement of the motor in both directions. This eliminates 
any indiscriminate movement of the motor. 
IV. DESIGN ANALYSIS AND RESULTS 
 
A. Design calculation for the switching transistor 
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Fig. 7: Switching circuit of a transistor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Simulation of the complete circuit of the Solar Tracker 
 
1) For fully “switch on”: 
 
For the switch to turn on, the output of the comparator must 
swing to logical high (which is 8.58V for this design) 
For transistor in saturation, 
 
         ;      =     ; 
and                                          
             (1) 
                  ⁄    (2) 
                  ⁄    (3) 
where: 
       Output voltage from comparator 
                      
                  
    Coil resistance of the relay =      
     
 
From (1),            
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          ⁄         ⁄  
              
          
            ⁄      
           
         
 
A resistor of 1.1kΩ, which is less than 13kΩ, will be used. 
This offers a base current of 7mA which is actually more 
than the basic 0.59mA required to turn ON the transistor. 
The transistor selected for this design (C1815 general 
purpose transistor) can handle up to 50mA base current. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2) For fully “switch off”: 
 
The transistor automatically switches off when the 
comparator output swings to logical “0”. Under this 
condition, as discussed earlier, the cut-off characteristics of 
a transistor are satisfied. That is, 
 
V_in=0,I_B=0,and I_C=0  
 
With inductive loads such as relays, a flywheel diode is 
placed across the load to dissipate the back electromotive 
force (EMF) generated by the inductive load when the 
transistor switches “OFF” in order to protect the transistor 
from damage. If the load is of a very high current or voltage 
nature, such as motors which is the case here, then the load 
current can be controlled via a suitable relay as shown figure 
7. 
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B. Results 
 
The overall electronic design was simulated on PROTEUS 
as shown in the fig. 8. The result of the simulation of the 
complete solar tracker on PROTEUS as captured in figure 
10 below shows that the normally open contact of relay RL1 
is closed when the output of comparator U1:A is high and 
that of comparator U1:B is low. This makes the motor to 
move in clockwise direction. Also, the normally open 
contact of relay RL2 is closed when the output of 
comparator U1:B is high and that of comparator U1:A is 
low. But this time, the motor moves in anticlockwise 
direction. However, the motor remains static when the 
outputs of both comparators are in the same state. 
 
V. CONCLUSION 
This paper presents the design and construction of a sun 
seeker using three sensors. The system is a closed loop 
automatic solar tracking system for maximum solar energy 
absorption. Specifically, it demonstrates a working hardware 
solution for maximizing solar cell output by positioning a 
solar array at the point of maximum light intensity from the 
sun. Dual-axis solar tracking using three sensors can be 
considered in future research. Also, artificial intelligence 
approach to sun-seeking can be considered. 
 
VI. DECLARATION 
All authors have disclosed no conflicts of interest. The 
research work was self-funding. 
 
REFERENCE 
 
[1.] Mohamed Shaaba and J. O. Petinrin, “Renewable 
energy potentials in Nigeria: Meeting rural energy 
needs”, Renewable and Sustainable Energy Reviews, 
vol 29, pp. 72-84, January 2014. 
[2.] Suleiman Lawal Nadabo, “Renewable energy as a 
solution to Nigeria energy  crisis”, Final year thesis 
report at Vaasa University of Applied Sciences, 2010, 
unpublished.  
[3.] Jing-Min Wang and Chia-Liang Lu, “Design and 
implementation of a sun tracker with a dual-axis 
single motor for an optical sensor-based photovoltaic 
system”, Sensors, vol. 13, issue 3, pp. 3157-3168, 
March 2013. 
[4.] Shrishti Rana, “A study on automatic dual axis solar 
tracker system using 555 Timer”, International Journal 
of Technical Research and Applications,  vol. 1, issue 
4, pp. 77-85, 2013. 
[5.] Madhusudan Gohil, Mayuri M. Tahilramani and 
Maushami Desai, “Microcontroller based solar power 
system with grid synchronization”, Int. Journal of 
Engineering Research and development, pp. 1-7, April 
2015. 
[6.] Md. Tanvir Arafat Khan, S. M. Shahrear Tanzil, Rifat 
Rahman and S. M. Shafiul Alam, “Design and 
construction of an automatic solar tracking system”, 
6th International Conference on Electrical and 
Computer Engineering, Dhaka, pp. 326-329, 18-20 
December 2010. 
[7.] Subarto Kumar Ghosh, Mohammad   Hasanuzzaman 
Shawon, Ashifur Rahman and Rifat Abdullah, 
“Modeling of PV array and analysis of different 
parameters”, International Journal of Advancements in 
Research and Technology, vol. 2, issue 5, pp. 358-363, 
M ay 2013. 
[8.] A. K. Saxena and V. Dutta, “A Versatile 
Microprocessor based controller for solar tracking”, 
Photovoltaic Specialists Conference, USA, vol. 2, pp. 
1105-1109, 21-25 May 1990. 
[9.]  M. A. Panait and T. Tudorache, “A simple neural 
network solar tracker for optimizing conversion 
efficiency in off-grid solar generators”, Renewable 
Energy and Power Quality Journal, vol. 1, no. 6, pp. 
256-260, March 2008. 
[10.] U. K. Okpeki and S. O. Otuagoma, “Design and 
construction of a bi–directional solar tracking system”, 
International Journal Of Engineering And Science, vol. 
2, issue 5, pp. 32-38 , February 2013. 
[11.]  H. Mousazadeh, A. Keyhani, A. Javadi, H. Mobli, K. 
Abrinia and A. Sharifi, “A review of principle and 
sun-tracking  methods for maximizing solar systems 
output”, Renewable and Sustainable Energy Reviews, 
vol. 13, issue 8, pp. 1800-1818, October 2009. 
[12.] F.  Shama, G. H. Roshani, A. Ahmadi and S. Roshani, 
“A novel design and experimental study for a two-axis 
sun tracker”, Power and Energy Engineering 
Conference, Wuhan, 25-28 March 2011. 
[13.] H. A. Attia, and B. N. Getu, “Design and simulation 
of solar tracking system for     optimum energy 
absorption”, International Journal of Thermal and 
Environmental Engineering, vol. 8, no. 1, pp. 17-24, 
2014. 
[14.] Han Dong, Wang Zhichao, Shen Huan, Xu GuiLi and 
Li FangPei,  “Research and design on a robust sun-
tracker”, International Conference on Sustainable 
Power Generation and Supply, China, pp. 1-6, 6-7 
April 2009. 
[15.] O. Bingol, A. Altinta, and Yildirhan Oner, 
“Microcontroller based solar-tracking system and its 
implementation”, Journal of Engineering Sciences, vol. 
12, pp. 243-248, January 2006. 
[16.] M. F. Khan and R. L. Ali, “Automatic sun tracking 
system,” All Pakistan Engineering Conference, 
Pakistan, May 2005. 
 
